Abstract
Introduction
Allelopathy can be defined as the ability of plants to interfere in the germination and growth of neighboring plants through phytochemicals released into the environment (FERNANDEZ et al., 2016) .This effect is mediated by substances belonging to different categories of secondary metabolites associated with protective functions in plants ( SAMPAIO et al., 2016) , among them essential oils, phenolic compounds and alkaloids (WANDSCHEER & PASTORINI, 2008) . These compounds (also known as allelochemicals) can affect other plants once released into the environment by promoting changes both at a cellular and metabolic levels, including changes in membrane permeability, nutrient absorption, protein synthesis, stomatal opening, photosynthesis and respiration (CHENG & CHENG, 2015; FERREIRA et al. 2008) .
Due to these changes, allelopathy is recognized as an important ecological process that can influence the structure and composition of native or cultivated plant communities (WANDSCHEER & PASTORINI, 2008) . Moreover, studies using allelopathy represent a good alternative for searching for new substances that can be used as natural herbicides and are less harmful to the environment (REIGOSA et al., 2013) .
The Cerrado is the second largest biome in Brazil. The plant species found in this biome are usually subjected to constant metabolic stresses in response to environmental variations such as the scarcity of water and nutrients, and as a consequence these plants produce a variety of by-products as defense mechanisms (OLIVEIRA et al., 2004) . As a result, many of these species are considered allelopathic (OLIVEIRA et al., 2004; PERIOTTO et al., 2004; OLIVEIRA & CAMPOS, 2006) , including the Eugenia dysenterica DC. Trees (Myrtaceae), for which it has been reported that its leaf extracts can reduce the initial growth of Lactuca sativa L. (lettuce) (GIOTTO et al., 2007) , Zea mays L. (maize) (MALHEIROS et al., 2016) , Sesamum indicum L. (sesame) and Raphanus sativus L. (radish) (PINA et al., 2009) .
Although there are reports on the allelopathic potential of E. dysenterica under controlled laboratory conditions (GIOTTO et al., 2007 , PINA et al., 2009 , MALHEIROS et al., 2016 , there is still no information in the literature that describes the compounds which are present in the aqueous leaf extract of the species found in the Cerrado Baiano, which may have a relationship with its allelopathic power over other plant species. In this sense, the present study aimed to characterize the class of secondary compounds present in the aqueous leaf extract of E. dysenterica, and relate them to the allelopathic potential of the species through growth bioassays with lettuce and maize under laboratory conditions.
Materials and Methods
The plant material (fully expanded leaves) of Eugenia dysenterica were collected from Serra da Bandeira (-12°04'48'S and-45°00'36''W), located in the municipality of Barreiras -Bahia. The area has Cerrado vegetation, exhibiting cerradão and ciliary forest physiognomies. The collection was performed in the morning at the end of August 2014, at which time the specimens were in the vegetative phenomephase.
To obtain the aqueous extract, the leaves were allowed to dry at room temperature for three days, and then they were ground in a blender and about 200 g were immersed in 1 L of distilled water. The solution was kept refrigerated at 10°C for 24 hours, avoiding fungus contamination. The material was subsequently filtered, frozen and lyophilized at -35°C. The extract was kept in a desiccator until the bioassays were performed. Five concentrations were used for the bioassays: 250, 500, 1000, 2000 and 4000 mg L -1 , in addition to the control (distilled water). Regarding germination and growth for the bioassays, lettuce and maize seeds obtained from a commercial establishment were selected by color uniformity and shape, and then treated with 2% sodium hypochlorite for two minutes to disinfest them against the presence of microorganisms. For lettuce bioassays, filter paper disks contained in previously autoclaved Petri dishes (9 cm in diameter) were impregnated with 2 mL of extracts or distilled water (control), and then 50 seeds were seeded onto each filter paper disk. A similar procedure was performed for the maize bioassays, however, the filter paper disks contained in Petri dishes (15 cm in diameter) were moistened with 5 ml of the test solutions and 25 seeds were later sown. The experiment was maintained in BOD germination chambers at controlled temperature and luminosity (25±2°C, 230 μmoles m -2 s-1 ), according to a photoperiod of 16/8 hours light/dark. The germination percentage was determined daily, considering the radicular protrusion of 2 mm (BRASIL, 2009).
The percentage of germinated seeds was calculated according to the methodology described by Labouriau and Valadares (1976) and the germination speed index (GSI) according to Maguire (1962) : ,
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In which: G1, G2 and GN represent the number of normal seeds sprouted up to the nth day; N1, N2 and NN represent the number of days in which the germination was evaluated G1, G2 and GN.
The radicle/primary root and hypocotyl/coleoptile length were measured three days after root protrusion using a millimeter graph paper. The design was completely randomized with four replicates consisting of 25 or 50 seeds, depending on the target species, with ten seedlings for radicle/primary root growth and hypocotyl/coleoptiles growth.
In order to identify the main classes of secondary compounds, the aqueous leaf extract of E. dysenterica was subjected to qualitative tests that result in altering the coloration and/or formation of precipitates, characteristic for each class after the addition of specific reagents (MATOS, 2009) . The presence of condensed and hydrolysable tannins, flavanols, flavanones, flavanonols and xanthones, anthocyanins, anthocyanidins and flavonoids, steroids and triterpenoids, saponins and quinones were investigated.
The results were submitted to analysis of variance (ANOVA), and the means were compared by the Scott Knott test at the 5% probability level using the Assistat 7.7 beta statistical analysis program (SILVA & AZEVEDO, 2002) .
Results and Discussions
No significant difference was observed between the concentrations of dry extract aqueous extract and the control regarding the germination percentage and the germination speed index of lettuce (Table 1 ). This same result was observed by Giotto et al. (2007) , also using the aqueous extract of Eugenia dysenterica.
The aqueous extract of Cagaita also did not affect the germination of Sesamum indicum and Raphanus sativus (PINA et al., 2009) were also not able to change lettuce germination. It can be seen that seed germination is generally little affected by the effects of plant extracts, and according to Ferreira & Áquila (2000) , allelopathic interference is more incident on seedling growth than on the germination phenomenon, due to the fact that this process is less sensitive to the action of allelochemicals/allelochemical substances.
The extract promoted significant inhibitory effects on lettuce radicular growth, regardless of concentration, with a mean decrease of 78.8% compared to the control (Table 1 ). This inhibitory potential of the E. dysenterica extract on the lettuce radicles has already been described in the literature (GIOTTO et al., 2007; MALHEIROS et al., 2016) . Other species of Eugenia also show an inhibitory effect, such as the aqueous extract of Eugenia involucatra DC. (Cerejeira--do-mato), which promoted 42.6% inhibition in lettuce root growth (HÜLLER & SCHOCK, 2011) . According to Borella and Pastorini (2009), the roots are more sensitive to the action of substances present in the extracts compared to the other structures of the seedlings.
Tale 1 -Effect of the aqueous leaf extract of Eugenia dysenterica on the germination percentage (G%), germination speed index (GSI), radicle growth (RG) and hypocotyls growth (HG) of lettuce cultivated in the laboratory The hypocotyl growth of lettuce was also affected by the aqueous extractof E. dysenterica, in which an inhibitory effect was verified from the concentration of 1000mg L -1 , since the three highest concentrations promoted an average reduction of 50.5% compared to the control. Reductions in lettuce hypocotyl using plant extracts from other species have also been reported in the literature in studies by Lima et al. (2011) ,who used ethanolic extract from the shoot of Bidens pilosa (black-jack), and Cândido et al. (2010) using the ethanol-water fraction of the ethanolic extract of Senna occidentalis (L.) Link (coffeeweed). These changes in the analyzed parameters in the present study prove the phytotoxic effect of the aqueous extract from dried leaves of E. dysenterica on lettuce seeds, since this is considered to be a bioindicator due to its sensitivity to several allelochemicals (FERREIRA & BORGUETTI, 2004) .
In relation to the germination percentage and the germination speed index of maize seeds, no significant difference between the concentrations used and the control were observed (Table 2) . Araújo et al. (2011) also found no effect on these parameters when maize seeds were submitted to the ethanolic extract of Crotalaria juncea L. (Crotalaria) leaves. According to Peres et al. (2004) , the germination takes place at the expense of seed reserves, therefore beingless sensitive to the presence of allelochemicals than seedling growth. Regarding primary root growth, only a concentration of 4000mg L -1 of the extract promoted inhibition, and a reduction of 43.8% was observed in relation to the control. This result was similar to that found by Malheiros et al. (2016) , who observed a reduction in the primary root of maize at the concentration of (4000 mg L -1 ) of the ethanolic extract of E. dysenterica. In turn, the maize coleoptile had its growth affected by concentrations of 1000mg L -1 , in which an average reduction of 30% was observed in the higher concentrations of the aqueous extract of E. dysenterica (Table 2 ).This lower inhibition of maize coleotype in relation to the primary root can be explained by Linhares ; according to this author, greater effects on radicle/primary root growth may be related to the fact that the root is a characteristic anatomical structure which is more efficient to absorption. In line with this, Carvalho et al. (2016) reports that the root system is more sensitive to the action of allelochemicals due to the fact that root lengthening depends on cellular divisions, which will jeopardize the development if inhibited. The preliminary phytochemical analysis of E. dysenterica leaf extracts indicated the presence of several classes of secondary compounds, in which staining reactions were positive forphenols, hydrolysable tannins, flavonols, flavanones, flavanones, xanthones, flavones, free steroids and saponins. On the other hand, negative results were observed for condensed tannins, anthocyanins, anthocyanidins, chalcones, aurones, triterpenoids and quinones (Table 3) . The results found are similar to those described in the literature. Couto et al. (2009) found the presence of different phenolic groups (tannins and flavonoids) in performing a phytochemical characterization of powder from dried E. dysenterica leaves collected in May 2007 in the Cerrado in Goiás. However, it is important to point out that the concentration of these compounds may differ within the same species, with changes in both the quality and the quantity of the chemical substances, since plant active principles are unstable and may vary depending on the geographical region, plant age, collection season, drying method and extraction method (CRUZ et al., 2000 , SILVA et al., 2005 . DC. under laboratory conditions
The classes of secondary compounds most associated with the allelopathic effect are generally phenolic compounds, flavonoids and tannins (TAIZ & ZEIGER, 2017) . Phenolic compounds comprise the largest group of metabolites identified as allelopathic (CARMO et al., 2007) . Some studies have described that the presence of phenolic compounds is directly related to allelopathic activity, which can inhibit the growth and even the germination of other species belonging to the same environment (FIORENZA et al., 2016) . Souto et al. (1994) verified that fragments of Pinus radiate D. Don and of Eucalyptus globules Labill. inhibited the growth and development of lettuce, and that this effect was related to the presence of phenolic compounds.
Flavonoids are present in plants in various forms and can inhibit plant and fungi growth, while tannins are involved in the process of plant protection against herbivores, invertebrates and vertebrates attacks, and are also excellent allelopathic agents (TAIZ & ZEIGER, 2017) . Rizvi and Rizvi (1992) reported phenolic acids, coumarins, polyphenols and flavonoids as the main allelochemicals responsible for photosynthesis inhibition, as they alter electron transport and phosphorylation in photosystems. In turn, saponins may interact with cell membranes and affect the photosynthetic process, thus influencing plant growth and development (WEIR et al., 2004) .
Thus, the phytotoxic effect observed in this study is probably mainly due to the presence of phenolic compounds, tannins, flavonoids and saponins found in E. desynterica aqueous leaf extract. According to De conti and Franco (2011) , allelopathic interferences are almost never caused by a single substance, and it is common to observe that their effect is the result of a set of secondary compounds, and the final response in the plant will depend on the additive and synergistic action between them.
Conclusions
The present study highlights that the aqueous leaf extract of Eugenia dysenterica found in the Cerrado Baiano has a phytotoxic effect, reducing the initial development of model species, and that these changes are possibly due to the presence of phenolic compounds, tannins, flavonoids and saponins in their leaves.
